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Cadmium (Cd), a known human carcinogen, is one of the compo¬ 
nents of tobacco and also has many industrial uses. Smoking Cd- 
contaminated cigarettes at work may cause an increase in blood levels 
and toxicity of Cd. For a population of nonexposed workers, we 
compared blood Cd and urine cotinine (Cot) levels as biological markers 
of exposure to cigarette smoke of active smokers (AS) and passive smokers 
(PS) with those of unexposed nonsmokers (UNS) in 158 workers. The 
mean Cd in AS (0.097 ju .g%; ie, 0.097 pg/100 rnL ivhole blood) was 
significantly higher than in DNS (0.085 iig%), and was very dose to 
the mean Cd levels in PS (0.093 fj.g%). Mean Cd levels in exposed past 
smokers (0.105 fsg%) was higher than in nonexposed past smokers 
(P < 0.05) and in AS. The mean Cot level was significantly higher in 
AS than in PS or in UNS. Increased smoking was associated directly 
with increased blood Cd and urine Cot. Our results supported and 
proved quantitatively that exposure to cigarette smoke is harmful to both 
AS and PS, as we show that in both cases there is an increase in blood 
Cd. According to our results, exposure to cigarette smoke via active and 
passive smoking increases blood Cd by an average of 0.01 )J.g % over' the 
background (UNS). We conclude that exposure to cigarette smoke is a 
confounder to be taken into account when carrying out epidemiological 
studies and surveillance programs on workers exposed to Cd at work. 
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igarette smoking is the largest and 
most important preventable cause of 
illness and premature death. Re¬ 
cently, public concern has focused 
on the health effects of environmen¬ 
tal cigarette smoke, also known as 
passive, secondhand, or involuntary 
smoking. Smoking is no longer a 
major personal problem only but also 
a public health problem. 

Background for 
Nonoccupationally Exposed 
Populations 

Environmental pollution from the 
smoke from burning tobacco consists 
of two main components: main¬ 
stream and sidestream, both of which 
differ quantitatively and qualita¬ 
tively. The mainstream component is 
the smoke inhaled and exhaled by 
the smokers, comprising about 15% 
of the smoke-induced environmental 
pollution. The sidestream component 
is the smoke discharged from the end 
of the cigarette and comprises about 
85% of the smoke-induced environ¬ 
mental pollution. 1 The sidestream 
smoke particles have a diameter one- 
tenth that of the mainstream particles 
and thus reach the most distant alve¬ 
olar regions of the lung where they 
cannot be readily expelled. This may 
have implications for the pathogene¬ 
sis of pulmonary disease caused by 
passive smoking. 1 ’ 2 The main 
sources of exposure to environmen¬ 
tal cigarette smoke are the home, the 
worksite, and public places. 3,4 In a 
screening that we conducted in Israel 
in 1992 among 1200 white- and 
blue-collar workers, we found that 
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one third of the active smokers 
smoke more at work than at home 
and only J2% of the male smokers 
and 17% of the female smokers do 
not smoke at work. We also found 
that 80% of the workers are exposed 
to cigarette smoke in the workplace. 5 

Biochemical methods enable us to 
measure exposure to tobacco smoke 
by determining the level of certain 
tobacco smoke constituents or their 
metabolites in the physiological flu¬ 
ids (serum, saliva, urine), or in the 
alveolar air of active and passive 
smokers. Measuring these markers 
provides evidence of the existence 
and extent of exposure to tobacco 
smoke. 6 Based on the literature, the 
authors of this article believe that 
cotinine—-a major nicotine metabo¬ 
lite unique to tobacco smoke, as it 
derives from tobacco only, and is not 
influenced by diet or other expo¬ 
sures, 4 —is the best marker of expo¬ 
sure to tobacco smoke. Its half-life in 
plasma is 10 to 40 hours, sometimes 
even longer in nonsmokers, 4 and is 
thus a reliable and useful marker of 
chronic exposure to ambient tobacco 
smoke among active and passive 
smokers, 7 In a study done by Van- 
Vunakis et al* on 327 smoking and 
nonsmoking participants, it was 
found that the sensitivity and speci¬ 
ficity of serum cotinine levels for 
distinguishing self-reported active 
smokers from nonsmokers is 94% 
and 100%, respectively. The con¬ 
firmed dose-response relationship 
between cotinine concentrations and 
self-reported passive smoking also 
make this marker a useful index to 
validate questionnaire measures of 
the degree of smoke exposure. 4 ' 11 

Tobacco smoke contains a wide 
spectrum of toxic vapors and parti¬ 
cles, About 3800 compounds have 
been identified, including several im¬ 
portant classes of substances such as 
polynuclear aromatic hydrocarbons, 
nitrosamines, aromatic amines, cad¬ 
mium, radioactive compounds, agri¬ 
cultural chemicals, and tobacco ad¬ 
ditives. Forty-three of these 
substances are known as human car- 
These substances are 


15,13 


the reason why inhalation of tobacco 
smoke is harmful to the health of the 
smokers themselves (active smokers) 
and to those around them (passive 
smokers). It is now recognized that 
both active and passive smoking are 
important to the etiology of a number 
of chronic diseases, both malig¬ 
nant 14 ' 19 and benign. 20 ' 25 The pri¬ 
mary nonoccupational exposure to 
Cd occurs through inhalation of cig¬ 
arette smoke. 1 

Occupationally Exposed 
Populations 

Cadmium (Cd) is one of the newer 
metals and was first isolated rela¬ 
tively recently (in 1817), since which 
time it has come to have many im¬ 
portant uses in industry, such as elec¬ 
troplating, the production of Cd al¬ 
loys, brazing solders and nickel Cd 
batteries, the manufacture of Cd pig¬ 
ments, and as a plastics stabilizer. 23 
Long-term occupational exposure to 
Cd can cause the development of 
chronic disease, both benign and ma¬ 
lignant.®' 27 These adverse health ef¬ 
fects can become a medical problem, 
even years after exposure, because 
Cd is stored in the body and is 
excreted very slowly over the years 
after exposure. 27,2 * 

Inhalation of Cd is the dominant 
exposure route in industry. Environ¬ 
mental factors such as active and 
passive smoking become more im¬ 
portant once occupational exposures 
are reduced; however, in most cases 
where occupational exposures occur 
at or near the permissible exposure 
levels, the occupational exposure to 
Cd is much more important in over¬ 
all body burden than are environ¬ 
mental factors. In other Words, em¬ 
phasis must be placed first on 
reducing unnecessarily high occupa¬ 
tional exposure and then on control¬ 
ling cigarette smoking in the work¬ 
place to reduce the adverse health 
effects of Cd. Cigarette and pipe 
tobacco may become heavily con¬ 
taminated in the workplace and thus 
deliver a higher dose of Cd than 
would cigarettes bought from a mar¬ 
ket and smoked at home. 29 Hassler et 


ar° found that, on average, smokers 
in the same Cd battery production 
plant have twice the Cd concentra¬ 
tion in blood and urine when com¬ 
pared with nonsmokers. Therefore, it 
would appear that the combination of 
occupational exposure to Cd and 
smoking can'ies a greater risk of 
exposure to Cd than does either of 
those two factors when taken indi¬ 
vidually. Personal hygiene is also of 
great importance as a source of pre¬ 
vention of exposure to a Cd-contam- 
inated working environment. 

Measuring Cd levels in blood is an 
acceptable biomarker of chronic ex¬ 
posure to Cd and of its body burden 
even years after the cessation of ex¬ 
posure 2 * and thus serves as a critical 
biomarker for predicting toxicity. 21 

Cotinine is a major nicotine me¬ 
tabolite and is unique to tobacco 
smoke. It has a long elimination 
half-life (about 10 to 40 hours in 
plasma) and thus is a reliable and 
useful marker of chronic exposure to 
tobacco smoke. 3 ' 4 Cotinine can be 
used to validate questionnaires, as a 
number of studies have found a dose- 
response relationship between the 
degree of self-reported exposure and 
salivary and/or serum cotinine lev¬ 
el. 32 

The aim of this study was to com¬ 
pare Cd and cotinine levels taken 
from both active and passive smok¬ 
ers with those from unexposed non- 
smokers to quantify and provide ev¬ 
idence of the existence of exposure 
to Cd via inhalation of tobacco 
smoke. 

Methods 

The study population consisted of 
158 workers, including 47 active 
smokers, 46 passive smokers, and 65 
unexposed nonsmokers. The charac¬ 
teristics of the study population are 
given in Table 1. We used Cd levels 
in blood as biomarkers of Cd expo¬ 
sure, and cotinine levels in urine as 
biomarkers of cigarette smoke expo¬ 
sure. 

The Cd content of whole blood 
was determined by electrothermal 
atomic absorption spectroscopy. A 
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TABLE 1 

Study Population 

Study Group/Sex 

n 

% 

Mean 

Range 

Age 

Minimum 

Maximum 

Active Smokers 







Female 

10 

21 

40.7 

33.0 

23.0 

56.0 

Male 

37 

79 

34.03 

38.0 

24.0 

62.0 

Total 

47 

100 

35,49 

39.0 

23.0 

62.0 

Passive Smokars 







Female 

19 

41 

36.0 

24.0 

28.0 

52.0 

Male 

27 

59 

32.93 

25.0 

22.0 

47.0 

Total 

46 

100 

34,2 

30.0 

22.0 

52.0 

Nonsmaksrs and Unsxpnsed 







Female 

26 

40 

38,35 

32.0 

27.0 

59.0 

Male 

39 

60 

39.0 

35.0 

26.0 

62.0 

Total 

65 

100 

39,0 

36.0 

26.0 

62,0 

Total 







Female 

55 

35 

38.3 

54.0 

23.0 

59.0 

Male 

103 

65 

35.3 

36.0 

22.0 

62.0 

Total 

158 

100 

35.8 

54.0 

22.0 

62.0 

250-pL sample of whole blood was 


All of the workers in 

the study 

11 were storemen. According to the 

pipetted into a centrifuge tube con- 


population completed a 

computer- 

completed questionnaires, none of 

taining 250 p.L double-distilled wa- 


ized questionnaire on demographic 

the workers included in the study had 

ter and 100 p,L of 2.5% Triton-X- 


and lifestyle information, including 

ever been industrially exposed to Cd. 

100. The sample was deproteinized 


past and present smoking habits, ex- 

Seventy-one 

percent of the active 

with 1.5 mL 1 M HN0 3 . The solid 


posure to cigarette smoke at home, in 

smokers smoked 7 days a week, 75% 

constituents were removed by 15 


public places or 

at work, and occu- 

smoked more 

than ten cigarettes per 

min centrifugation at 5000 rpm. Cd 


pational history. 



day, and 44% smoked more than 20 


concentration was determined in the 
supernatant. The standard addition 
procedure was used for the quantita¬ 
tive determination. 33 Cd concentra¬ 
tion is given in |JLg%, ie, p.g/100 mL 
whole blood. 

Cotinine concentration was mea¬ 
sured by using the Double Antibody 
Nicotine Metabolite Kit manufac¬ 
tured by BURO/DPC Ltd. (London, 
U.K.). Double Antibody Nicotine 
Metabolite is a double-antibody 125 I 
radioimmunoassay designed for the 
qualitative and quantitative measure¬ 
ment in urine of cotinine, wherein 
i25 I-labeled cotinine competes for a 
fixed time with cotinine in a urine 
sample for antibody sites. After in¬ 
cubation for a fixed time, separation 
of bound from free cotinine is 
achieved by the polyethylene glycol- 
accelerated double-antibody method. 
Finally, the antibody-bound fraction 
is precipitated and counted. The sam¬ 
ple concentrations are read from a 
calibration curve. 


Statistical Analysis 

The data were analyzed with SAS/ 
Stat software (SAS Institute, Cary, 
NC). Continuous data were analyzed 
with an independent two-tailed t test. 
Categorical data were analyzed with 
the chi-squared statistic or Fisher’s 
exact test. The linear regression 
method was used to measure the 
association between Cd and cotinine 
levels. 

Results 

The study was carried out at a 
pharmaceutical plant where Cd was 
not used. Based on this, we can 
assume that the airborne levels of Cd 
was similar to “normal” concentra¬ 
tions of Cd in air and that the pri 
mary exposure to Cd occurred 
through the inhalation of tobacco 
smoke. Of the 158 subjects in the 
study population, 113 were labora¬ 
tory workers, 24 were Secretaries, 
officials or computer workers, and 


cigarettes per day. 

Cd levels were tested in 158 blood 
samples taken from all subjects in 
the study population. The results 
showed that the mean Cd level in 
active smokers (0.097 pg% ± 0.051 
p,g%; range, 0.21 p,g%) was signifi¬ 
cantly higher {P < 0.05) than in 
unexposed nonsmokers (0.085 pg% 
± 0.035 p,g%; range, 0.19 p,g%). 
The mean Cd level in passive smok¬ 
ers was close to that of active smok¬ 
ers and higher than in unexposed 
nonsmokers (0.093 p,g% ± 0.048 
p.g%; range, 0.20 p.g%) (Fig. 1, Ta¬ 
ble 2). 

Cotinine levels were tested in 59 
urine samples from 15 active smok¬ 
ers, 17 passive smokers, and 27 un¬ 
exposed nonsmokers. The mean co¬ 
tinine level was significantly higher 
(P < 0.05) in active smokers (3115 
ng/rnL ± 2657 ng/mL; range, 9640 
ng/mL) than in passive smokers (117 
ng/mL ± 59 ng/mL; range, 170 ng/ 
mL) or in unexposed nonsmokers 
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Fi|j. 1. Cadmium and cotinine levels according to cigarette exposures. 
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TABLE 2 

Cadmium Levels in the Study Population 



Cadmium Levels 



Study Group 

n 

Mean 

Standard 

Minimum 

Maximum 

Range 

Active Smokers 

47 

0,097 

0,051 

0.02 

0.23 

0.21 

Nonsmokers and Non-Past Smokers 

Unexposed 

50 

0.083 

0.032 

0.010 

0.170 

0.160 

exposed 

36 

0.089 

0.046 

0.030 

0.230 

0.200 

Past Smokers 

Unexposad 

15 

0.093 

0.046 

0.030 

0.200 

0.170 

Exposed 

10 

0.105 

0.055 

Q.400 

0.230 

0.190 


(liO ng/mL ± 56 ng/mL; range, 25 
ng/mL). Unlike the Cd levels, the 
mean Cotinine levels in passive 
smokers were similar to those of 
unexposed nonsmokers (Fig. 1, Ta¬ 
ble 3). 

There was no signs ficant differ¬ 
ence between men and women in 
either the levels of Cd in blood or in 
the levels of cotinine in urine. 


To examine the contribution of 
past smoking on the body burden of 
Cd, we separated the nonsmoking 
group into two groups: 86 workers 
who had never smoked and 25 work¬ 
ers who were past smokers (Table 1). 

Concerning the past-smokers 
group, the mean age of starting to 
smoke was 18 years (range, 13 to 30 
years). The mean duration of smok¬ 


ing was 11 years (range, 1 to 22 
years) and the mean time period 
since they stopped smoking was 8 
years (range, 1 to 20 years). Of the 
25 past smokers, 15 workers were 
exposed to cigarette smoke and ten 
were unexposed. 

We found that the mean Cd level 
in past smokers (0.098 p,g% ± 0.050 
range, 0,200 p.g%) was higher 
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TABLE 3 

Cotinine Levels in the Study Reputation 


Cotinine Levels (ng/mL) 


Study Group 

n 

Mean 

Standard 

Minimum 

Maximum 

Range 

Active Smokers 

15 

3115 

2657 

1552 

9699 

9640 

Nonsmokers and Non-Past Smokers 

Unexposed 

23 

105 

56 

42 

254 

212 

Exposed 

15 

114 

59 

47 

217 

170 

Past Smokers 

Unexposed 

4 

62 

51 

16 

137 

121 

Exposed 

Z 

137 

77 

82 

191 

109 


than the mean Cd level in workers 
who had never smoked (0.086 p.g% 
£ 0.040 pg%; range, 0.220 p,g%) 
and who were exposed (0.089 p,g% 
± 0.046 pg%; range, 0.200 p.g%) or 
unexposed to cigarette smoke (0.083 
Hg% ± 0.032 p.g%; range, 0.16 
p,g%). The mean level of Cd in 
exposed past smokers (mean 0.105 
p,g% ± 0.055 pg%; range, 0.190 
pg%) was significantly higher (P < 
0.05} than in workers who never 
smoked and were exposed or unex¬ 
posed to cigarette smoke, and even 
higher than the mean Cd level found 
in active smokers. The mean Cd 
level in past smokers not exposed 
(mean 0.093 p.g% ± 0.046 p.g%; 
range, 0.170 p,g%) was higher than 
the mean Cd level in exposed and 
unexposed workers who never 
smoked (Table 2, Fig. 1). We could 
not differentiate between past, pas¬ 
sive, and nonsmokers groups accord¬ 
ing to mean cotinine level (Fig. 1, 
Table 3). 

We also found that increased 
smoking was associated with in¬ 
creased blood Cd and urine cotinine 
(Fig. 2). Using the cotinine test, we 
detected three workers who had re¬ 
sponded incorrectly to the question 
of smoking habits (Fig. 3). 

Discussion 

Some of the toxicants in cigarette 
smoke (eg, Cd) also have industrial 
uses, so combined exposure to these 
substances in industry and from to¬ 
bacco smoke may have greater dele¬ 
terious effects on the workers’ health 


by initiating or enhancing disease 
because of additive, synergistic, or 
multiplicative biological effects. 

Cd, a contaminated trace metal in 
human tissue, has no known essential 
function in humans. 34 In fact, various 
organs (including the kidney, lungs, 
bone, and the hematopoietic system) 
may be affected after long-term oc¬ 
cupational exposure to Cd. The crit¬ 
ical organ is the kidney. Chronic 
exposure may cause the development 
of proximal tubular dysfunction. 
More severe involvement may be 
associated with Fanconi Syndrome 
and disruption of calcium, phos¬ 
phate, and vitamin D metabolism, 
with consequent osteoporosis, osteo¬ 
malacia, and formation of calcium 
renal stones. 26,27,35-37 Other effects 
include- slight anemia and anos¬ 
mia. 26,27 Various types of lung dis¬ 
turbances (emphysema, obstructive 
lung disease, pulmonary fibrosis) 
have been diagnosed in workers 
chronically exposed to Cd dust and 
fumes. 3 * -42 Epidemiologic data 
show an excess risk of lung carcino¬ 
ma 43-48 and some studies also re¬ 
ported the contribution of chronic 
exposure to Cd to the development 
of prostate cancer. 40,43,48,50 

It has been reported that one ciga¬ 
rette contains 1 to 2 gg of Cd. 26- 
28 .si.s 2 Analysis of the Cd content of 
whole cigarette and cigarette ash and 
filters of six bands of cigarettes (after 
smoking) shows that about 70% of 
the Cd content of cigarette tobacco 
passes into the smoke dispersed in 
the air, and is inhaled by both AS and 


PS. 52 An additional 10% is inhaled 
by the AS. 53 Calculation based on 
data derived from experiments on 
animals indicate that 20 to 40% of 
the Cd inhaled as part of the main¬ 
stream smoke (10 to 20% of the total 
smoke) is absorbed. 52 Observations 
on respiratory Cd absorption in 
smokers are scarce. Friberg et al 54 
calculated the long-term retention in 
the body to be 27 to 45%. Elinder et 
a! 55 estimated that the respiratory 
absorption of Cd is 45%. Based on 
this data, we can assume that even 
absorption of as little as 10 to 20% of 
the Cd contained in cigarette smoke 
could, over a period of years, lead to 
a substantia) increase in the accumu¬ 
lation of this element in the body. 

Lewis et al, 56 in an autopsies 
study, showed that smokers have 
more Cd in their organs than non- 
smokers and that past smokers have 
mean total organ and composite val¬ 
ues similar to those of light cigarette 
smokers. Elinder et al 55 showed that 
Swedish smokers have an average of 
about twice the tissue Cd of non- 
smokers. Franklin and colleagues, 57 
from their results of neuron activa¬ 
tion measurements of liver and kid¬ 
ney Cd, estimated the mean body 
burden of Cd in a population without 
occupational exposure to Cd to be 
1.65 mg in nonsmokers and 11.34 
mg in smokers, corresponding to an 
increase in body burden of between 
0.03 to 0.04 mg of Cd per pack-year. 

Studies in both animals and hu¬ 
mans exposed to cigarette smoke 
showed an accumulation of Cd in 
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Fig. 2. Relationship between cigarette smoking and cadmium and cotinine levels. 


both blood and lens. Such an accu¬ 
mulation of Cd might have a role in 
cataractogenesis of chronic smok¬ 
ers. 58,56 Only limited data is avail¬ 
able concerning the levels of Cd in 
blood of passive and past smokers. 

Our results supported and proved 
quantitatively that active, passive, 
and past smoking consistently adds 
Cd to the basic body burden level. 
According to our results, exposure to 
cigarette smoke via active or passive 
smoking increases biood Cd by an 
average of 0.01 p,g%. We also found 
a direct relationship between blood Cd 
levels and the amount smoked. Past 
smoking causes an average of 0.01 
p.g% of Cd to be stored in the hodv 
and the addition of passive smoking to 
past smoking increases the blood level 
to 0.22 p.g%. The secretion of this 
amount of Cd can take many years, as 
its biological half-life is as long as up 
to 30 years. The liver and the kidneys 
are the tissues with the longest biolog¬ 


ical half-lives. 60 The biological half- 
lives of Cd in these tissues were esti¬ 
mated to be 7.5 (4.7 to 9.7 years) and 
12 years (10 to 30 years), respective¬ 
ly. 61 - 63 

The elevation of Cd level as a 
result of exposure to tobacco smoke 
can cause an increase in, or exacer¬ 
bate the incidence of, acute and 
chronic clinical conditions that may 
develop as a result of chronic indus¬ 
trial exposure (for example, the de¬ 
velopment of renal or pulmonary dis¬ 
ease and the incidence of lung 
cancer). We can hypothesize that 
when persons who smoke are exposed 
to other carcinogens at the workplace, 
their risk of contracting lung cancer is 
higher than that for those who do not 
smoke. Moreover, the combined ef¬ 
fects of smoking and occupational ex¬ 
posure to carcinogens is greater than 
the risk of either individually, because 
of the additive or multiplicative effect 
of these two exposures. 


Damage to the tubule cells of the 
kidney occurs at critical concentra¬ 
tion of intracellular Cd. This critical 
concentration is related not to the 
total amount of Cd in tubule cells, 
but to the concentration at which free 
Cd (which is nephrotoxic) begins to 
accumulate. The majority of renal Cd 
is bound to metallothionein. In this 
chemical form, Cd is not toxic. How¬ 
ever, a certain amount of nonmetal- 
lothionein-bound Cd will occur, es¬ 
pecially after the accumulation of Cd 
in an amount that will render it be¬ 
yond the capacity of renal tubular 
cells to synthesize enough metallo¬ 
thionein. When this concentration of 
Cd exceeds a certain level at the 
sensitive site in these cells, toxicity 
occurs. 43,64 Exposure to Cd via 
smoking, in addition to occupational 
exposure, can cause accumulation of 
higher amounts of Cd in the kidney 
and hence accelerate renal toxicity. 
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Fig. 3. Quantity control of cotinine levels in blood among smokers and nonsmokers. 


As part of the periodic medical 
examinations mandated by the gov¬ 
ernment in Israel, workers exposed 
to Cd in the workplace undergo bio¬ 
logical monitoring, including moni¬ 
toring of blood and urine Cd levels. 
Based on our findings, we feel that it 
is important to take past, present, and 
passive smoking into consideration, 
particularly in a workplace where the 
exposure level is low. This could 
contribute to reducing absenteeism 
of workers with high Cd levels re¬ 
sulting mainly from exposure to cig¬ 
arette smoke. In accordance with 
other researchers, 56 we found a di¬ 
rect relationship between blood Cd 
levels and the amount smoked. This 
finding can help to estimate the 
amount of Cd present in the blood as 
a result of smoking. 

Our finding demonstrates that ac¬ 
tive and passive smoking, as well as 


past smoking, are confounders to be 
taken into account when conducting 
studies on Cd exposure to obtain 
more accurate research results. Other 
confounders are the percentage un¬ 
certainty in lab methodology for bi¬ 
ological markers, as well as air mea¬ 
surements/contamination levels. 

We conclude that the harmful ef¬ 
fect of the inhalation of tobacco 
smoke, particularly in industry, 
should not be overlooked. Although 
industrial exposure often cannot be 
eliminated completely, environmen¬ 
tal tobacco smoke can be. Prohibi¬ 
tion of smoking at the workplace will 
help eliminate another source of oc¬ 
cupational exposure to Cd. 

Acknowledgments 

The work presented in this study was 
supported by a grant from the Committee for 
Preventive Action and Research in Occupa¬ 


tional Health, Ministry of Labor and Social 
Welfare, Israel. The authors thank Monica 
Menashe for her help in preparation of this 
manuscript. 

References 

L Byrd JC, Shapiro RS, Schneiderman 3. 
Passive smoking; a review of medical 
and legal issues. Am J Public Health. 
1989;79:209-214. 

2. Svendsen KH, Kuller LH, Martin MJ, et 
al. Effects of passive smoking on Multi¬ 
ple Risk Factors Intervention Trial. Am J 
Epidemiol. 1987;126:783-785. 

3. Cummings KM, Markell SJ, Mahoney 
M, et al. Measurement of current expo¬ 
sure to environmental tobacco smoke. 
Arch Environ Health. 1990;45:74-79. 

4. Smet JM, Marbury MC, Spengler JD. 
State of the art health effects and sources 
of indoor air pollution. Part I. Am Rev 
RespirDis. 1987;136:1486-1509. 

5. Shaham J, Green M, Ribak J. Passive 
smoking: clinical aspects and workers 
awareness. Harejuah. 1992;123:53-57. 


PM3001192976 


Source: https://www.industrydocuments.ucsf.edu/docs/zxwk0001 








JOEN1 * Volume 38, Number 12, December 1996 


1227 


6. Javis MJ. Uptake of environmental to¬ 
bacco smoke. IARC Set Publ. 1987;8J: 
43-58. 

7. Wall MA, Johnson J, Jacob P, et al. 
Cotinine in the serum saliva and urine of 
nonsmokers, passive smokers and active 
smokers. Am J Public Health. 1988;78: 
699-701. 

8. Van-Vunakis H, Tashkin DP, Rigas B, 
Simmons M, Gjika HB, Clark VA. Rel¬ 
ative sensitivity and specificity of sali¬ 
vary and semm cotinine in identifying 
tobacco-smoking status of self-reported 
nonsmokers and smokers of tobacco 
and/or marijuana. Arch Environ Health. 
1989;44:53-58. 

9. Wald NJ, Ritchie C. Validation of studies 
on lung cancer in nonsmokers married to 
smokers. Lancet, 1984; 1:1067. 

10. Javis MJ r Tunslall-Pedoe H, Feyerabend 
C, Vesey C, Saioojee Y. Biochemical 
markers of smoke absorption and self- 
reported exposure to passive smoking. J 
Epidemiol Commun Health. l9S4;3&; 
335-339. 

1 J. Greenberg RA, Haley NJ, Etzel RA, et al. 
Measuring the exposure of infants to 
tobacco smoke: nicotine and cotinine in 
urine and saliva. N Engl J Med. 1984; 
310:1075-1078. 

12. Hoffman D, Hoffman 1- Significance of 
exposure to side stream tobacco smoke. 
In: Oneille JK, Brunnermann KD, Dodet 
B, et al, eds. Environmental Carcino¬ 
genic Methods of Analysis and Exposure 
Measurement. Lyon, France: LyOrt Scien¬ 
tific Publications; 1987:3-10. 

13. Erikson MP, Le Maistre CA, Newell GR. 
Health hazard of passive smoking. Ann 
Rev Public Health. 1988;9:47-70. 

14. National Research Council, National 
Academy of Science. Environmental To¬ 
bacco Smoke: Measuring Exposures and 
Assessing Health Effects. Washington, 
DC: National Academic Press; 1986. 

15. Redmond DE. Tobacco and cancer: the 
first clinical report 1761. N Engl J Med. 
1970;282:18-23. 

16. Brownson RC, Reif JS, Keefe TJ, et al. 
Risk factors for adenocarcinoma of the 
lung. Am J Epidemiol. 1987;125:25-34. 

17. Humble CG, Samet JM, Pathak DR. Mar¬ 
riage to smoker and lung cancer risk, 
Am J Public Health, 1986;77:598-602. 

18. International Agency for Research on Can¬ 
cer. Tobacco smoking. I ARC Monogr Eval 
Carcinag Risks Chem Hum. 1986;38:. 

19. Siemiatyckt J, Krewski D, Franco E, 
Kajserman M. Association between cig¬ 
arette smoking and each of 21 types of 
cancer, a multi-site case-control study. 
Int J Epidemiol. 1995;24:504-514. 

20. Steeniand K. Passive smoking and the 


risk of heart disease. JAMA. I992;267: 
94-99. 

21. Wilett WC, Green A, Stampfer MJ. et al. 
Relative and absolute risks of coronary 
heart disease among women who smoke 
cigarettes. N Engl J Med. !987;317: 
1303-1309. 

22. Martin JL, Wilson JR, Ferraro V, et al. 
Acute coronary vasoconstrictiveness ef¬ 
fects of cigarette smoking in coronary heart 
disease. Am J Cardiol. 1984;54:56-60. 

23. Fitzgerald GA, Oates JA, Nowak J. Cig¬ 
arette smoking and hemostatic function. 
Am Heart J. 1988; H 5:267-271. 

24. Wolf PA, D'Aostino RB, Kasnel WB, et 
al. Cigarette smoking as a risk factor for 
stroke: The Framingham Study. JAMA. 
1988;259:1025-1029. 

25. Shabam J, Ribak J, Green M. The conse¬ 
quences of passive smoking: an over¬ 
view. Public Health Rev . 1992;20:15-28. 

26. Newman-Taylor AJ. Cadmium. In: Rom 
WN, ed. Environmental and Occupa¬ 
tional Exposures. Boston: Littie, Brown; 
1992:767-772. 

27. Lauwerys RR, Cadmium and its com¬ 
pounds. In: Zenz C, Dickenson OB, Hor¬ 
vath EP, eds. Occupational Medicine. St. 
Louis: Mosby Year Book; 1994:481- 
486. 

28. Jaurp L, Rogenfelt A, Elinder CG, 
Nogawa K, Kjellstrom T. Biological half¬ 
time of cadmium in blood of workers 
after cessation of exposure. Scand J Work. 
Environ Health. 1983;9:327-331. 

29. Piseator M, Kjellstrom T> Lind B. Con¬ 
tamination of cigarettes and pipe tobacco 
by cadmium oxide dust. Lancet . 1976;2: 
587. 

30. Hassler E, Lind B, Piseator M. Cadmium 
in blood and urine related to present and 
past exposure: a study of workers in an 
alkaline battery factory. Br J Ind Med. 
1983;40:420-425. 

31. Lauwerys R, Reels H, Regniers M, el al. 
Significance of cadmium concentration 
in blood and urine in workers exposed to 
cadmium. £>tw>wz Res. 1979;20;375- 
391. 

32. Vunakis HW, Tashkin DP, Rigas B. Rel¬ 
ative sensitivity and specificy of salivary 
and serum cotinine in identifying tobacco 
smoking status of sdf-reported non- 
smokers and smokers of tobacco and for 
marijuana. Arch Environ Health. 1989; 
44:53-57. 

33. Angecer J, SchalLcr KH, eds. Analysis of 
Hazardous Substances in Biological Ma¬ 
terials, Volume 1. Weinhcim, Germany; 
VCH Verlagsgesellschaft mbh; 1985:79- 
92. 

34. Koch HR Jr, Smith ER, Shimp NF, Con¬ 
nor J- Analysis of trace elements in hu¬ 


man tissue: I. Normal tissue. Cancer. 
1956;9:499-511. 

35. Muller P, Smith S, Steirtbert K, Thun M. 
Chronic renal tubular effects in relation 
to urine cadmium levels. Nephron . 1989; 
52:45-54. 

36. Thun M. Osorio A, Schoher S , Hannon 
W, Lewis B, Hatperin W. Nephropathy in 
cadmium workers: assessment of risk 
from airborne occupational exposure to 
cadmium. Br J lt\d Med. 1989;46:689— 
697. 

37. Adams R. Analysis of mortality from 
nephritis and nephrosis among nickel- 
cadmium batter workers. Proceedings of 
the Fourth International Cadmium Con¬ 
ference, Munich. London: Cadmium 
Council; 1983:155-166. 

38. Ka2antm G, Flynn FV f Spowrge JS, 
Tnott PG. Renal tubular malfunction and 
pulmonary emphysema in cadmium pig¬ 
ment workers, J Med. 1963;32;165-192. 

39. BuJmer FMR, Rothwell HE. Industrial 
cadmium poisoning: a report of 15 cases 
including 2 deaths. Can J Public Health. 
1938;29:19-26. 

40. Kazantzis G, Sullivan K, Lamm T. Mor¬ 
tality of cadmium exposed workers; a 
five-year update. Scand J Work Environ 
Health. 1988,14:220-223. 

4!, Davison A, Newman Taylor A, Darby- 
shtrc J, Chettel D, Gurthrie C, O'Malley 
D. Cadmium fume inhalation and emphy¬ 
sema. Lancet. 1988;1:663-667. 

42. Armstrong B, Kazantzis A. The mortality 
of cadmium workers. Lancet. 1983;2: 
1425-1427. 

43. Holden H. Further mortality studies on 
workers exposed to cadmium fumes in 
occupational exposure to cadmium. Lon¬ 
don: Cadmium Council; 1980:23-24. 

44. Elinder C, Kjellstrom T, Hogstedt C, 
Andersson K, Spang G. Cancer mortality 
of cadmium workers. Br J Ind Med. 
1985;42:651-655. 

45. National Institute for Occupational 
Safety and Health (NIOSH). Health Haz¬ 
ard Report No. 77-W-4J2. Cincinnati. 
OH: US Department of Health and Hu¬ 
man Services; 1977. 

46. Thun M, Schnoir T, Halperin W, Retro¬ 
spective mortality study of cadmium 
workers—an update. Proceedings of the 
Fifth Cadmium Conference, San Fran¬ 
cisco, London: Cadmium Council; 1986: 
135-118. 

47. Soruham T. Mortality from lung cancer 
among a cohort of nickel cadmium bat¬ 
tery workers, 1964-1984. Br J Ind Med. 
1987;44:803-809. 

48. Armstrong B, Kazantzis A. Prostatic can¬ 
cer and chronic respiratory and renal 



PM3001192977 


Source: https://www.industrydocuments.ucsf.edu/docs/zxwk0001 


Cadmium Exposure and Active and Passive Smoking • Shaham et al 


diseases in British cadmium workers: a 
case control study. Sr J Ind Med. 1985; 
42:540-545. 

49. Leman R, Lee JS, Wagoner JK, Blejer 
HP. Cancer mortality survey of workers 
exposed to cadmium. Ann NY Acad Sci. 
1979;271:272-279. 

50. Kipling M, Waterhouse J. Cadmium and 
prostatic carcinoma. Lancet. 3 987; 1: 
730-731. 

51. Kalcher K, Kern W, Pietsch R. Cadmium 
and lead in the smoke of a filter cigarette. 
Sci Total Environ. 1993;128:21-35. 

52. Nandi M, lick H, Slone D, Shapiro S, 
Lewis GP. Cadmium content of ciga¬ 
rettes. Lancet. 1969;2:1329-1330. 

53. Elinder CG, Kjellstrom T f Lind B, Lin- 
nman L, Piscator M, Sundstedt K. Cad¬ 
mium exposure from smoking cigarettes: 
variations with time and country where 
purchased. Environ Res. I983;32:220- 
227. 

54. Friberg L, Piscator M, Nordberg GF, 
Kjellstrom T. Cadmium in the Environ¬ 


ment, 2nd ed. Boca Raton. FL: CRC 
Press; 1974. 

55. Elinder CA, Kjellstrom T, Friberg L, 
Lind B, Linn man L. Cadmium in kidney 
cortex, liver and pancreas among autop- 
sied Swedes. Arch Environ Health. 1976; 
31:292-302. 

56. Lewis GP, Jusko WJ, Coughlin LL, Hertz 

S. Cadmium accumulation in man: influ¬ 
ence of smoking, occupation, alcoholic 
habit and disease. J Chronic Dis. 1972; 
25:717-726. 

57. Franklin D, Guthrie C, Chettle D, et al. In 
vivo neutron activation analysis of organ 
cadmium burdens: referent levels in liver 
and kidney and the impact of smoking. 
In: Shrauzer G, ed. Biological Trace 
Element Research. Totawa, NJ: Humana 
Press; 1990:401-406. 

58. Lauring L, Wergeland FL. Ocular toxic¬ 
ity of newer industrial metals. Mil Med. 
1970;135:1171-1174. 

59. Ramakrisbnan S, Sulochana KN, Selvaraj 

T, Abdul-Rahtm A, Lashmi M, Arunagiri 


K. Smoking of beedies and cataract: cad¬ 
mium and vitamin C in the lens and 
blood, fir J Ophthalmol. 1995;79:202- 
206. 

60. Friberg L, Piscator M, Nordberg G, 
Kjellstrom T. Cadmium in the Environ¬ 
ment. Cleveland, OH: Chemical Rubber 
Company Press; 1971:19-77. 

61. Ellis K, Cohn S, Smith T. Cadmium 
inhalation exposure estimates: their sig¬ 
nificance with respect to kidney and liver 
cadmium burden. J Toxicol Environ 
Health, 1985;15:173-187. 

62. Kjellstrom TS, Nordberg GF. A kinetic 
model of cadmium metabolism in the 
human being. Environ Res. 1978; 16: 
248-269. 

63. Nomberg GF. Chelating agents and cad¬ 
mium toxicity problems and prospects. 
Environ Health Perspect. 1984;54;213- 
218. 

64. Suzuki KT. Studies of cadmium uptake 
and metabolism by the kidney. Environ 
Health Perspect. 1984;54:21-30. 



PM3001192978 


Source: https://www.industrydocuments.ucsf.edu/docs/zxwk0001 




